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Objectives: The purpose of this study was to examine the associations between genetic variations in the
Protocadherin 15 gene (PCDH15) and the risk to noise induced hearing loss (NIHL) in a Chinese
population.
Methods: A case-control study was conducted with 476 noise-sensitive workers (NIHL) and 475 noise-
resistant workers (normal) matched for gender, years of noise exposure, and intensity of noise exposure.
13 tag single-nucleotide polymorphisms in PCDH15 were genotyped using nanoﬂuidic dynamic arrays on
the Fluidigm platform. Multiple logistic regression was used to analyze the associations of genetic
variations of PCDH15with NIHL adjusted by age, smoking/drinking status, and cumulative noise exposure
and their interactions with noise exposure.
Results: The allele frequency and genotypes of rs1104085 were signiﬁcantly associated with the risk of
NIHL(P¼0.009 and 0.005 respectively ). The subjects carrying variant alleles (CT or CC) of rs11004085
had a decreased the risk for NIHL (adjusted odds ratio¼0.587, 95% conﬁdence interval 0.409–0.842)
compared with subjects who had the wild-type (TT) homozygotes. The interactions were found between
the SNPs of rs1100085, rs10825122, rs1930146, rs2384437, rs4540756, and rs2384375 and noise
exposure.
Conclusions: Genetic variations of PCDH15 and their interactions with occupational noise exposure are
associated with genetic susceptibility to NIHL and modify the risk of noise induced hearing loss.
& 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Noise is the most common occupational risk factor and induces
various harmful effects on health (Nelson et al., 2005). Millions of
workers are exposed to harmful levels of noise in the workplace. In
Europe, about 20% workers are exposed to noise during 450% of
their working time. In the United States, about nine million
workers are exposed to time-weighted average sound levels of
Z85 dB (Dobie, 2008). It was estimated that 4500 million
individuals worldwide may be at risk of developing noise-induced
hearing loss (NIHL), which is an irreversible damage to theInc. This is an open access article uauditory system and also is a common occupation-associated
disease. Worldwide, about 16% cases of disabling hearing loss in
adults are attributed to occupational noise (Nelson et al., 2005).
NIHL is a complex disease caused by both environmental and
genetic factors (Konings et al., 2009b; Sliwinska-Kowalska and
Pawelczyk, 2013). The workers under similar noise exposure may
have different outcomes of hearing damage (Śliwińska-Kowalska
et al., 2006). These differences indicate that genetic susceptibility
plays an important role in NIHL incidence. With the mouse models
of Castaneous (CAST/Ei) (resistant inbred strain to NIHL) and
C57BL/6 J strain (susceptible strain), White et al. (Davis et al.,
2001; Kozel et al., 2002; White et al., 2009) identiﬁed a number of
genetic loci, which was responded to damaging noise. Candidate-
based association studies in humans have identiﬁed GSTM1 (Lin
et al., 2009; Shen et al., 2012), CAT (Konings et al., 2007), CDH23
(Kazmierczak et al., 2007; Kowalski et al., 2014; Sliwinska-nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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shock protein 70 (Konings et al., 2009a) as putative protein
products implicated in NIHL incidence. Recently, Shen et al. found
one SNP (Ser326Cys /rs1052133) in human 8-oxoG DNA glycosy-
lase1 associated with NIHL (Shen et al., 2014). However, evidence
regarding the roles of genetic factors in NIHL pathogenesis
remains inadequate. The genetic mechanism of NIHL remains to
be further elucidated, and NIHL-associated genes need to be
discovered (Konings et al., 2009b; Sliwinska-Kowalska and
Pawelczyk, 2013).
The protocadherin 15 gene (PCDH15) is a member of the
cadherin superfamily (Kazmierczak et al., 2007). It encodes an
integral membrane protein and mediates calcium-dependent cell–
cell adhesion. PCDH15 helps cells to stick together and plays an
essential role in maintaining normal retinal and cochlear function
(Sotomayor et al., 2010). PCDH15 is expressed in the inner ear cells,
specialized cells in the eye, and retinal photoreceptor cells. The
exact function of PCDH15 in the retina has not been fully
determined. PCDH15 interacts with the proteins Cadherin 23,
USH2A, and VLGR1, anchored by harmonin, SANS, or whirlin and
makes the synaptic membranes closely appose with homotypic or
heterotypic interactions of their large extracellular regions
(Kremer et al., 2006; van Wijk et al., 2006). Mutations in this
gene are associated with hearing loss and Usher Syndrome Type IF
(USH1F) (Kremer et al., 2006; van Wijk et al., 2006). One single-
nucleotide polymorphism (SNP) in PCDH15, rs7095441, has been
reported to be associated with NIHL risk in certain European
populations [odds ratio (OR)¼2.076, 95% conﬁdence interval 1.344
to 3.206] (Konings et al., 2009c). Although this variation is
relatively common [minor allele frequency (MAF) 0.482] in Eur-
opean Ashkenazi Jewish populations, it is rare (MAF 0.006- 0.012)
in Chinese and Japanese populations (http://hapmap.ncbi.nlm.nih.
gov/). There may be racial differences in the genetic variation of
PCDH15 and the development of NIHL. No ﬁndings regarding the
effects of PCDH15 on NIHL have been reported for Asian
populations.
To investigate whether genetic variations in PCDH15 are asso-
ciated with genetic susceptibility to NIHL in Chinese populations,
we genotyped 13 tag SNPs (tSNPs) in PCDH15 in 476 NIHL workers
and 475 normal hearing workers, and examined the associations
of 13 candidate SNPs and haplotypes with NIHL. We also explored
the interaction effects among these SNPs and noise exposure.2. Methods
2.1. Study subjects and data sources
Subjects in this study included 476 NIHL workers and 475
normal hearing workers. All the subjects were recruited from a
cross-sectional survey of 4419 occupational noise- exposed work-
ers conducted between March 1, 2011 and December 31, 2012. In
this survey, the workers were employed in the noise-exposed
factories of mechanical equipment and household appliance
manufacturing, steel construction, and cigarette production/
packaging in Hangzhou city, Zhejiang province, China. Intensity
of noise in the workplace was determined by a noise statistical
analyzer (AWA6218; Westernization Instrument Technology Co.,
Ltd., Beijing, China). Noise exposure was evaluated with equivalent
continuous dB(A)-weighted sound pressure levels (LEX,8 h)
(Pawlaczyk-Luszczynska et al., 2011) according to Occupational
Health Standard of the People’s Republic of China: Measurement
of Noise in the Workplace (GBZ/T 189.8-2007) (China, 2007). All
the subjects received annual health examinations, including rou-
tine physical examination, pure tone audiometry (PTA), epidemio-
logical investigation, and whole-blood collection. The inclusioncriteria of subjects in this cross-sectional survey were as follows:
(1) Working at noised exposed workplace and LEX,8 h was 485 dB
(A); (2) Cumulative time of noise exposure of 41 year. Cumulative
time of noise exposure of each worker was recorded according to
the ﬁles of occupational health surveillance and veriﬁed with
epidemiological interview; (3) Han ethnicity. The subjects were
excluded if they had a family history of hearing loss or histories of
the diseases such as otitis, other otological diseases, head injury,
exposure to explosives, or ototoxic drug administration. The study
protocol was approved by the Research Ethics Committees of
Hangzhou Center for Disease Prevention and Control, Zhejiang,
China.
2.2. PTA and NIHL assessment
After participants stopped noise exposure for 412 h, audio-
metry was carried out for each subject using a Madsen Voyager
522 audiometer (Madsen, Taastrup, Denmark) in a soundproof
room with a background noise level of o25 dB (A). Hearing
thresholds of both ears were determined with the ascending
method in 5-dB steps at frequencies of 500, 1000, 2000, 3000,
4000, and 6000 Hz. All the evaluations were performed by trained
physicians using standard procedures. In order to exclude the
confounding effects by age and gender, the audiometric raw data
were calibrated for the effects of age and gender on the basis of the
Diagnostic Criteria of Occupational NIHL (Chinese National Criteria
GBZ49-2007, http://www.zybw.net). The hearing threshold at high
frequency (HTHF) by PTA was deﬁned as the average at 3000,
4000, and 6000 Hz for each ear, and the hearing threshold at
speech frequency (HTSF) was deﬁned as the average at 500, 1000,
and 2000 Hz for each ear.
2.3. Physical examination and epidemiological investigation
A physical examination was performed for each subject. Para-
meters such as height, weight, systolic and diastolic blood pressure
levels were measured by trained physicians following a standard
protocol. Face-to-face interview was used to collect epidemiologi-
cal data using a structured questionnaire administered by trained
professional physicians. The information in the questionnaire
included demographic characteristics; smoking/drinking status;
history of medical conditions and drug use; history of exposure to
noise, vibration, and toxic chemicals in the workplace; health
habits; use of ear protection for noise.
2.4. Deﬁnitions of NIHL and control subjects
NIHL group included the workers with normal hearing before
exposure, 41 year of occupational noise exposure, and an HTHF
440 dB of hearing level (HL). In order to exclude hearing loss
induced by non-noise exposure, the workers were excluded from
the study if their differences of HTHF between left and right ears
were greater than 35 dB (HL). The normal group included the
workers with 41 year of occupational noise exposure, and
hearing thresholds o25 dB (HL) at each frequency. In order to
control the environmental confounders, control subjects were
individually matched with NIHL subjects according to the variables
of gender, intensity of noise and years of noise exposure. Because
the majority of the subjects in the cross-sectional study were
males (about 91.7%), the subjects in this study were restricted on
males.
2.5. SNP selection and genotyping
Candidate SNPs in PCDH15 were selected as tSNPs on the basis
of the HapMap database and previous ﬁndings from the literature.
Table 1
Basic characteristics of the subjects with NIHL workers and normal workers.
Variables NIHL (n¼476) Control (n¼475) P value
Age, mean7SD 36.678.5 32.878.0 o0.001a
Smoking status, n (%)
No 154 (43.6) 176 (44.7) 0.774b
Yes 199 (56.4) 218 (55.3)
Drinking status, n (%)
No 105 (30.0) 116 (29.5) 0.886b
Yes 245 (70.0) 277 (70.5)
Years to noise exposure,
years,c
5.50 (2.42, 9.29) 4.83 (2.50, 8.42) 0.134d
Noise intensity exposure, dB
(A),c
87.5 (85.5, 90.0) 87.5 (85.5, 90.0) 0.354d
Cumulative noise exposure
(CNE)c
95.5 (91.5,
100.5)
94.3 (91.0, 97.8) 0.05
CNE, cumulative noise exposure, was calculated as CNE¼10 log 10SPL years of
noise exposure), where, SPL means the sound pressure level [dB (A)] of noise exposure.
a Independent t-test.
b χ2 test.
c Data was presented as median (P25, P75).
d Rank sum test.
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living in Beijing, MAF of 40.10, and a linkage disequilibrium value
of r240.8. We selected the following 12 candidate SNPs using
these criteria: rs10509005, rs10825122, rs11004085, rs11004270,
rs11004347, rs12258253, rs12413745, rs1930146, rs2384375,
rs2384437, rs2384454, and rs4540756. In addition, we also in-
cluded the SNP of rs7095441 because of its signiﬁcance in Polish
and Swedish populations although its MAF was o0.10 in Chinese.
Whole-blood and serum samples were collected from each
subject after an overnight fast. Genomic DNA was extracted from
peripheral blood using the Toyobo MagExtractor Genomic DNA
Puriﬁcation Kit (Toyobo, Osaka, Japan) following the manufac-
turer’s protocol. The Bio-X Institutes (Shanghai, China) genotyped
the candidate SNPs using nanoﬂuidic dynamic arrays on the
Fluidigm platform (South San Francisco, CA, USA) (Wang et al.,
2009). Repeated control samples were set in every genotyping
plate, and the concordance was 499%.
2.6. Statistical analysis
Cumulative noise exposure (CNE) was calculated as
CNE¼10 log(10SPL years of noise exposure), where SPL means
the sound pressure level [dB (A)] of noise exposure. Continuous
variables for the normal distribution were expressed as mean7
standard deviation (SD) and as median (P25, P75) for skewed
distribution. Categorical variables were expressed as frequencies
(%). Student’s t test was used to examine the statistical signiﬁcance
for continuous variables, and the χ2 test was used for categorical
variables. Hardy–Weinberg equilibrium tests were performed
using Pearson’s χ2 for each SNP among control subjects, and the
SNPs with deviating from Hardy–Weinberg equilibrium were
excluded from the analysis. Haplotype analyzes of these SNPs
were performed using PLINK software package (version 1.9)
(http://pngu.mgh.harvard.edu/purcell/plink/). Multiple logistic
regression was used to calculate the OR and 95% CI, and gene–
environmental interactions modiﬁed by confounders such as age,
smoking/ drinking status, and CNE. The associations of genotypes
with NIHL were also stratiﬁed by status of noise exposure. Multi-
ple comparisons corrections were carried out with Bonferroni
correction. All statistical analyzes were performed using SPSS 19.0
for Windows (IBM Corporation, Armonk, NY, US).3. Results
3.1. Basic characteristics of the subjects
The basic characteristics of 476 NIHL subjects and 475 control
subjects (one subject in the normal group was excluded for failing
genotyping) are presented in Table 1. The mean age was 36.678.5
years in NIHL subjects and 32.878.0 years in control subjects (
Po0.001). There were no statistical signiﬁcances between NIHL
and normal groups in smoking and drinking status, years of noise
exposure, median of noise intensities (P40.05). CNE in the NIHL
group [95.5 (91.5, 100.5)] was greater than that in the normal
group [94.3 (91.0, 97.8)] (P40.05). 98.8% of the subjects putted on
earplug and there was no difference of these percentages between
NIHL and normal groups (P40.05).
3.2. Distributions of alleles and genotypes of PCDH15 and
associations with NIHL
Table 2 describes the distributions of alleles and genotypes of
13 SNPs in PCDH15. All candidate SNPs were in Hardy–Weinberg
equilibrium distribution (P40.05). MAF for rs7095441 was 0.5% in
the normal group, and no signiﬁcant association of rs7095441 wasfound with NIHL incidence (P40.05). After adjusted by age,
smoking status, alcohol drinking status and CNE, signiﬁcant
associations of allele frequency and genotypes of rs11004085 were
found between the NIHL and normal groups (P¼0.009 and 0.005
respectively). The association of rs11004085 with NIHL remained
signiﬁcant after Bonferroni correction. Table 3 shows the associa-
tions of genotypes of rs1104085 with NIHL risk. The percentage of
the genotype of CT or CC in the NIHL and normal groups was 26.5%
and 19.2%, respectively (P¼0.004). Compared with subjects with
homozygous wild-type (TT) rs11004085, subjects carrying variant
allele (CT or CC) were at decreased risk for NIHL, with an adjusted
OR of 0.587 (95% CI 0.409 to 0.842).
3.3. Stratiﬁcation and interaction analyzes of PCDH15 by noise
intensity and CNE
The results of the stratiﬁcation and interaction analysis are
shown in Table 4 (presented only for the markers with signiﬁcant
results). For rs11004085, a signiﬁcant association remained with the
noise intensity 488 dB (A) with an adjusted OR of 0.42 (95% CI 0.24
to 0.73, P¼0.002). However, no signiﬁcance was found with the
noise intensity o88 dB (A) (P40.05). A marginal multiplicative
interaction was found between the genetic variation of rs11004085
and the noise intensity (OR¼0.514, 95% CI 0.247 to 1.069, P¼0.075).
Although no overall signiﬁcant main effects were found for
rs10825122, rs1930146, rs2384437, rs4540756, and rs2384375
(Table 2), the genotypes of these SNPs were associated with NIHL
after stratiﬁcation. For noise intensity 488 dB (A), a decreased
NIHL risk with an OR of 0.34 (95% CI 0.12 to 1.00, P¼0.051) was
found in the subjects with CT/CC of rs1930146, 0.59 (95% CI 0.34 to
1.03, P¼ 0.063) in the subjects with TC/TT of rs2384437. When the
noise intensity was o88 dB (A), AT/AA of rs10825122 and TA/TT of
rs4540756 were associated with NIHL risk with ORs of 0.58 (95% CI
0.37 to 0.93, P¼0.024) and 0.67 (95% CI: 0.45–1.01, P¼0.057),
respectively. Signiﬁcant interactions with noise intensity were
found for rs1930146 with an interaction OR of 0.24 (95% CI 0.063
to 0.92, P¼0.038) and rs4540756 (OR 2.18, 95% CI 1.18 to 4.04,
P¼0.013), whereas marginal interactions were observed for
rs2384437 (OR 0.466, 95% CI 0.21 to 1.01, P¼0.054) and
rs10825122 (OR 1.86, 95% CI 0.93 to 3.70, P¼0.078).
After stratiﬁcation by CNE, rs2384375 was found to be asso-
ciated with NIHL in both groups (CNE o95 and CNE Z95).
Table 2
Distributions of alleles and genotypes of PCDH15 in NIHL and normal subjects.
SNP A1/A2 MAF P(H-W)a Allele frequency P value A1A1/A1A2/A2A2 P valueb
NIHL Control NIHL Control
rs10509005 G/A 0.14 0.854 0.138 0.145 0.665 12/107/354 9/119/343 0.648
rs10825122 A/T 0.15 0.727 0.150 0.156 0.720 10/122/341 10/127/334 0.222
rs11004085 C/T 0.12 0.173 0.099 0.138 0.009 3/88/382 5/120/346 0.005
rs11004270 C/T 0.17 0.099 0.171 0.168 0.838 12/138/323 8/142/321 0.577
rs11004347 A/G 0.39 0.172 0.391 0.380 0.629 67/236/170 61/237/174 0.792
rs12258253 C/T 0.25 0.138 0.252 0.248 0.852 29/180/263 35/163/271 0.644
rs12413745 T/C 0.09 0.38 0.084 0.087 0.847 4/72/397 5/72/394 0.928
rs1930146 C/T 0.03 1 0.031 0.032 0.882 0/29/444 0/30/441 0.534
rs2384375 G/C 0.28 0.569 0.279 0.281 0.914 35/194/244 40/185/246 0.780
rs2384437 T/C 0.10 0.292 0.096 0.096 0.962 6/79/387 2/86/382 0.803
rs2384454 T/G 0.07 1 0.074 0.073 0.950 2/66/405 2/65/404 0.608
rs4540756 T/A 0.27 0.487 0.272 0.273 0.978 29/199/244 38/181/252 0.417
rs7095441 T/C 0.004 1 0.003 0.005 0.375 0/3/470 0/5/466 0.443
a Hardy–Weinberg equilibrium tests were performed using Pearson’s χ2 for each SNP among control subjects.
b Multiple logistic regression was used modiﬁed by confounders such as age, smoking/drinking status, and CNE.
Table 3
Associations of genotypes of PCDH15 rs11004085 with NIHL risk.
SNP NIHL Control P valuea OR (95% CI)a
N (%) N (%)
rs11004085
TT 346 (73.5) 382 (80.8) 1
CT 120 (25.4) 88 (18.6) 0.005 0.590 (0.408–0.853)
CC 5 (1.1) 3 (0.6) 0.395 0.527 (0.120–2.306)
Ptrend 0.005
CT/CC 125 (26.5) 91 (19.2) 0.004 0.587 (0.409–0.842)
a Calculated by multiple logistic model modiﬁed with age, smoking/drinking
status, and CNE.
Table 4
Stratiﬁcation and interaction analysis of PCDH15 by noise intensity and CNE.
Variable SNP NIHL Control
N (%) N (%)
Noise intensity [dB(A)]
o88 TT 204 (81.0) 214 (75.4)
rs11004085 CT/CC 48 (19.0) 70 (24.6)
Z88 TT 178 (80.5) 132 (70.6)
o88 CT/CC 43 (19.5) 55 (29.4)
TT 187 (74.2) 196 (69.0)
rs10825122 AT/AA 65 (25.8) 88 (31.0)
Z88 TT 154 (69.7) 138 (73.8)
AT/AA 67 (30.3) 49 (26.2)
o88 TT 235 (93.3) 268 (94.4)
rs1930146 CT 17 (6.7) 16 (5.6)
Z88 TT 209 (94.6) 173 (92.5)
CT 12 (5.4) 14 (7.5)
o88 CC 205 (81.7) 243 (85.6)
rs2384437 TC/TT 46 (18.3) 41 (14.4)
Z88 CC 182 (82.4) 139 (74.7)
TC/TT 39 (17.6) 47 (25.3)
o88 AA 142 (56.6) 145 (51.1)
rs4540756 TA/TT 109 (43.4) 139 (48.9)
Z88 AA 102 (46.2) 107 (57.2)
TA/TT 119 (53.8) 80 (42.8)
CNE
o95 CC 102 (47.9) 147 (57.2)
rs2384375 GC/GG 111 (52.1) 110 (42.8)
Z95 CC 232 (55.0) 99 (46.5)
GC/GG 109 (45.0) 114 (53.5)
a Calculated by multiple logistic model modiﬁed with age, smoking/drinking status.
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were at increased NIHL risk (OR 1.87, 95% CI 1.20 to 2.91, P¼0.005)
when they had CNE o95. However, a decreased risk (OR 0.63, 95%
CI 0.41 to 0.96, P¼0.031) was observed in those with CNE Z95. A
signiﬁcantly multiplicative interaction between CNE and
rs2384375 was found (OR 0.34, 95% CI 0.19 to 0.63, P¼0.001).4. Discussion
In this study, we investigated the associations of 13 candidate
SNPs in PCDH15 with NIHL risk in Chinese subjects. We found thatPa ORa (95% CI) Pint ORaint (95% CI)
1 0.075 0.514 (0.247–1.069)
0.306 0.78 (0.48–1.26)
1
0.002 0.42 (0.24–0.73)
1 0.078 1.86 (0.93–3.70)
0.024 0.58 (0.37–0.93)
1
0.767 1.08 (0.65–1.81)
1 0.038 0.24 (0.063–0.92)
0.386 1.44 (0.63–3.26)
1
0.051 0.34 (0.12–1.00)
1 0.054 0.466 (0.21–1.01)
0.471 1.22 (0.71–2.11)
1
0.063 0.59 (0.34–1.03)
1 0.013 2.18 (1.18–4.04)
0.057 0.67 (0.45–1.01)
1
0.126 1.44 (0.90–2.28)
1 0.001 0.34 (0.19–0.63)
0.005 1.87 (1.20–2.91)
1
0.031 0.63 (0.41–0.96)
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actions between noise exposure and the genetic variations
rs1100085, rs10825122, rs1930146, rs2384437, rs4540756, and
rs2384375 with regard to NIHL risk. The ﬁndings indicated that
genetic variations in PCDH15 were associated with genetic sus-
ceptibility and modify the risk of hearing loss induced by occupa-
tional noise exposure. Genetic variations and their interactions
with noise exposure might play important roles in NIHL incidence.
The PCDH15 gene is located at 10q21.1 and spans approximately
998,520 bases and contains 33 exons. It belongs to a member of
the cadherin superfamily. A potential biological function of PCDF14
is to mediate calcium-dependent cell–cell adhesion (Kazmierczak
et al., 2007) and to maintain normal retinal and cochlear functions
(van Wijk et al., 2006). Mutations in this gene result in hearing loss
and USH1F. In 2009, Konings et al. (Konings et al., 2009c) were the
ﬁrst to reported that SNP rs7095441 of the PCDH15 gene was
associated with increased NIHL risk in both Swedish and Polish
populations. However, this variation is rare in Chinese populations.
MAF for this SNP was only 0.5% in our study. No signiﬁcance of this
SNP with NIHL was found in the Chinese population studied. This
result suggests that this genetic variation does not play an
important role in the genetic susceptibility in the Chinese popula-
tion and also has implications for racial differences in genetic
susceptibility for NIHL among different populations. Among 13
candidate SNPs in the PCDH15 gene, we found the genetic varia-
tion of rs11004085 was associated with increased NIHL risk, and
the subjects with its variant allele (CT or CC) decreased NIHL risk
(Table 2). This ﬁnding is consistent with the results of a study in a
Swedish population (P¼ 0.003) (Konings et al., 2009c). Apart from
the main effect of rs11004085 and although no overall signiﬁcant
main effects were found in rs10825122, rs1930146, rs2384437,
rs4540756, and rs2384375 (Table 2), the haplotype, constructed
with rs4540756 (A/T), rs10825122 (T/A), and rs12258253 (T/C),
were associated with NIHL risk. The haplotype of rs4540756 (A)-
rs10825122 (T)-rs12258253 (C) increased NIHL risk compared
with the haplotype ATT as a reference. These ﬁndings indicate
that multiple genetic variations in the PCDH15 gene modify NIHL
risk.
Because the variables of noise exposure such as intensity and
CNE are the main environmental risk factors for NIHL, we also
carried out a stratiﬁcation analysis by noise intensity and CNE.
Different effects of the SNPs were found in different stratiﬁcations
of noise exposure. Although the signiﬁcance of rs11004085 was
found in the overall analysis, this association remained only in
intensity 488 dB (A) but not in intensity o88 dB (A). Although no
overall signiﬁcant associations were associated with rs1930146,
rs2384437, rs4540756, and rs10825122, signiﬁcant associations
with NIHL incidence were found after stratiﬁcation. The effects of
gene–environmental interactions on NIHL were found among the
genetic variations of rs10825122, rs1930146, rs2384437,
rs4540756, and rs2384375 (Table 3). Therefore, these ﬁndings
indicated gene–environmental interactions may play important
roles in the incidence of occupational NIHL.
In this study, NIHL and control subjects were matched by
gender, workplace noise exposure, and years of noise exposure.
Both groups were exposed to similar environments and therefore
were comparable in environmental confounders. The differences
in hearing loss mainly reﬂected difference in genetic susceptibility.
Our association analyzes were further adjusted by age and CNE,
where CNE is an index that integrates both noise intensity and
years of noise exposure. The subjects were recruited from a cross-
sectional sample of noise-exposed workers in China, and the
selection criteria to differentiate the NIHL and normal groups
were relatively strict. NIHL subjects were selected on the basis of
HTHF of 440 dB and control subjects had hearing thresholds
o25 dB at each frequency. Subjects included NIHL and normal atthe two extremes of the phenotypical spectrum. The percentages
of NIHL and normal workers in the cross-sectional study were
approximately 15%, respectively, which is similar distribution as in
Konings’s study (Konings et al., 2009c). This design might increase
the power to screen the variants associated with NIHL (Kowalski
et al., 2014). In previous studies, the selection of NIHL and normal
depended only on the degree of hearing loss. We also performed a
stratiﬁcation analysis and a gene–environment interaction study.
To the best of our knowledge, this may be the ﬁrst study of the
association between genetic variations in the PCDH15 gene and
NIHL with a relative large sample in Asian population.
However, there were limitations in this study. One limitation as
in the previous studies was that the subjects were restricted to
males because the majority of the noise-exposed workers in our
cross-sectional study were males, which was as similar distribu-
tion of gender with general noise-exposed workers in China.
Another is ﬁeld environmental noise assessment. Noise exposure
was evaluated with LEX,8 h according to Occupational Health
Standard of the People’s Republic of China: Measurement of Noise
in the Workplace (GBZ/T 189.8–2007) (China, 2007). This evalua-
tion of noise exposure based on representational sites at the
workplace in different work time and then weighted as sound
pressure levels to nominal 8 h/day. This evaluation is the routine
method for occupational noise surveillance in China. However,
exposure will be evaluated incorrectly if a worker often varies with
the workplace and shift time. It would be better if individual
assessment of noise exposure was used. However, individual
assessment of noise exposure was very difﬁcult for ﬁeld investiga-
tion with relatively large sample. In this study, we recruited the
subjects with less variability. In order to reduce the potential
confounding effect induced by environmental risk factor, we
selected NIHL and control subjects with individually matched
design by gender, intensity of noise and years of noise exposure.
In addition, to conﬁrm our results, the ﬁndings in this study
should be further validated in females and other independent
samples.
In conclusion, this study shows the genetic variations in the
PCDH15 gene may be biomarkers for genetic susceptibility to NIHL.
The interactions between genetic variations and noise exposure
may play important roles in NIHL incidence. Further studies are
warranted to validate these ﬁndings with large samples and to
investigate the molecular mechanisms of interactions using func-
tional assays.Conﬂict of interest
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